Introduction
Acer pictum (Thunb.) and A. rubrum L. (Aceraceae) are popular ornamental trees for gardening due to their colorful leaves, attractive crown shape, erect trunk, and samara wings (Guo et al., 2010) . They also produce good quality wood for furniture and building. These two species are most commonly propagated by seed. For nursery production and commercial sales, seed quality is often based on germination test (Vankus, 1997) . But it is time-consuming to complete the germination tests for plant species with deep seed dormancy. It was found that both maples had deep dormancy in pericarps and (or) seed coats (Wu et al., 2013) . For such seed, seed viability was normally used to monitor the seed germinating ability, which could examine whether seed had the potential to produce normal seedling. Tetrazolium (TZ) and excised embryo tests ISTA (2013) are widely adopted methods to measure the seed viability (Phartyal et al., 2003) . However, ISTA only recommended an optimized protocol for limited plant species. For plants uncovered by ISTA Rules, reliable protocol for measuring seed viability must be established experimentally.
In the TZ test, a colorless solution of 2, 3, 5-triphenyl tetrazolium chloride is used as an indicator that can be imbibed by the seed to reveal the reduction processes taking place within living cells. The solution accepts hydrogen from the dehydrogenases, and a red, stable and non-diffusible substance is produced in living cells. By the color changes in the seed tissues we can distinguish viable and non-viable seeds. By far, optimized protocol to evaluate the seed viability of many plants species were established in the TZ test, such as Juglans nigra (Flores et al., 2011) , Leucopogon melaleucoides (O'Brien and Johnston, 2004) . The excised embryo test is to put the excised embryos under the conditions similar to a conventional germination test. It is an alternate time-saving method to test the approximate seed germination percentage for plants with seed dormancy. It was reported that excised embryo test was constantly used to determine the seed viability in a variety of plants including Fraxinus chinensis (Li et al., 2012a) and Sapium sebiferum (Hou et al., 2014) , etc.
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Summary
Seed viability is commonly used to rapidly evaluate the seed quality, especially for the seeds with deep dormancies. To establish the experimental protocol that could obtain reliable seed viability for Acer pictum and A. rubrum, different treatments were examined in excised embryo and tetrazolium (TZ) tests. In the excised embryo test, it was found that sterilization could get a significantly higher viability for both species. No significant difference was observed between seed viability and seed germination percentage when the excised embryos were sterilized following the protocol established in this study, indicating it was appropriate for evaluation of seed quality of these two maples. In the TZ test, we examined the effect of GA 3 and stratification treatment on seed viability for these two species. For seeds of A. pictum, no significant difference was detected between the viabilities of seeds merely rehydrated with water and those rehydrated with GA 3 and stratification. Both protocols yielded seed viabilities that deviated insignificantly from the seed germination percentage. Thus, additional treatments other than water immersion were unnecessary to measure the seeds viability of A. pictum. By contrast, significant difference was observed for seed viabilities of A. rubrum under the above different rehydration methods. Only when seeds were rehydrated with GA 3 and stratification after water immersion yielded seed viability that was insignificantly different from seed germination percentage. Therefore, besides water immersion, additional treatments were compulsory for seed viability evaluation of A. rubrum. In this study, we also found that the radicle tip of a high percentage of A. rubrum embryos could only be partially stained in the TZ test, and this scenario was not related to the embryo colors of A. rubrum.
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Significance of this study
What is already known on this subject? • Seed viability is commonly used to evaluate the seed quality rapidly, especially for the seeds that have deep dormancy. Tetrazolium (TZ) and excised embryo tests are widely adopted methods to measure the viability. However, ISTA only recommended optimized protocols for limited plant species and part of maple plants were included in.
What are the new findings?
• During the excised embryo tests sterilization could get a significantly higher viability for both species. We also found that the radicle tip of a high percentage of A. rubrum embryos could only be partially stained in the TZ test, and this phenomenon was consistent between the yellow and green embryos.
What is the expected impact on horticulture?
• It was important to evaluate seed viability exactly. It was necessary to establish reliable protocol by experiments for measuring seed viability that was uncovered by ISTA Rules. | I s s u e 1 | F e b r u a r y 2 0 1 6
Since the internal structure, the external morphology, nutrient composition, and genetic characteristics differ within genera, the optimum handling and preparation procedures should be different accordingly (Gosling, 2004; Zeng et al., 2007; Bao et al., 2010) . For example, Zeng and Wang (2009) found the dyeing time was different in determining the seed viabilities of Nitraria tangutorum and N. sibirica by TZ test. For embryos remaining in the upper part of the cut drupes treatment, the radicle required 52 h of staining for N. tangutorum, and 48 h for N. sibirica. However, when embryos were squeezed out of cut drupes, they were appropriate for evaluating viability after 12-16 h for N. sibirica, and 16-18 h for N. tangutorum (Zeng and Wang, 2009) . Although ISTA (2013) showed the protocol included a general pretreatment method and criteria to assess viability of seeds in the genus Acer, species-specific procedures need to be optimized experimentally to obtain the appropriate seeds viability in seeds inspection practice for a particular Acer species.
Materials and methods
The excised embryo and TZ tests were conducted at the Nanjing Forestry University to estimate the seed viabilities of A. pictum and A. rubrum. Mature seeds of A. pictum were collected in the autumn of 2012 from Xuanwu Lake Park in Nanjing, and seeds of A. rubrum were imported from the Lovelace Seed Company (Elsberry, MO, USA) in June, 2013. Seeds of both species were air-dried and stored at 5°C.
Excised embryo test for seed viability
During the excised embryo test, two experiments were conducted to evaluate the viability. In Experiment 1, the pericarps and wings were removed, and the seeds were placed on wet cotton to absorb water at room temperature (18-25°C) for 24 h. Then, seed coats were removed in a clean bench to obtain embryos. The embryos were surface sterilized for 30 s in 70% alcohol, and then rinsed four times with distilled water. Finally, the excised embryos were placed on wet cotton at 25°C and kept under a 16-h dark/8-h light photoperiod. If embryos infected with mold during culturing, they were rinsed with distilled water. In Experiment 2, the embryos were not sterilized. All procedures were conducted following the protocol of ISTA (2013). After incubation for 8 days, the viable seeds, non-viable seeds were counted, and seed viability was calculated as the proportion of viable seeds out of the total number of tested seeds as described by ISTA (2013). Seeds were counted as viable when the embryos developed into seedlings, or when the embryos with one or more cotyledons exhibited growth or greening. When the embryos became decayed, or the embryos exhibited brown or black discoloration, they all belonged to non-viability seeds. Both experiments were performed in four replicates, with 50 seeds in each replicate.
TZ test for seed viability
Premoistening is a necessary preliminary step for the TZ test. During the test, two different treatments were used to rehydrate seed tissues. Treatment 1, seeds soaked only in water for 24 h (control, the normal premoistening method as ISTA). Treatment 2, for A. pictum, the seeds were completely immersed in water for 24 h. Then, they were immersed in 200 mg L -1 gibberellic acid (GA 3 ) for 24 h at room temperature. The water or GA 3 solution was changed every 12 h during the soaking period. After soaking, the seeds were spread on trays (40 cm x 30 cm x 10 cm), with even separation space, then covered with sterilized sand. Finally, the trays were placed in a refrigerator at 0−5°C for 10 days. For A. rubrum, the seeds were treated similarly as A. pictum, except that the concentration of GA 3 was 500 mg L -1 and the duration of cold stratification was increased to 25 days.
After the seeds were rehydrated, the pericarps and the entire seed coats were removed from seeds that were randomly selected by using a scalpel and tweezers. The de-coated embryos were kept on wet filter paper until all the seeds in each replicate had been processed. If it was difficult to remove seed coats of control seeds, seeds without pericarps were placed on wet cotton to absorb water until the seed coats could be stripped easily.
For staining, the de-coated embryos were immersed in 1.0% 2, 3, 5-triphenyl tetrazolium chloride (TTC) solution and incubated in dark at 30°C for 6 h. According to the ISTA (2013) rule for Acer spp., seeds were judged as viable when they showed a completely stained radicle, hypocotyl, epicotyl, and cotyledons. The seeds were also considered viable when no more than one-third of the distal end of the cotyledons or radicle was unstained. Seeds were judged to be non-viable when they showed no staining, or when more than one-third of the distal end of the cotyledons or radicle remained unstained.
Some seeds of Acer species contain green embryos, and the chlorophyll in these green embryos may interfere with diffusion of tetrazolium solution into the tissues. To test whether chlorophyll affected the TZ test, we conducted a parallel experiment with yellow and green embryos. The preparation and treatment of the two species were the same as described above. Four replicates of 50 green and 50 yellow embryos were separately stained in 1.0% tetrazolium solution in the dark at 30°C for 6 h.
Seed germination
To verify the reliability of seed viabilities derived from each test, seed germination experiments were conducted. Before conducting the germination tests, the seeds were subjected to dormancy-breaking treatments (the combination of GA 3 and chilling) as described above. Then, the seeds were incubated in growth chamber under optimum germination conditions (25°C, 16-h dark/8-h light photoperiod). After 30 days, the seed germination percentage was calculated as the proportion of normal seedlings out of the total number of sown seeds as described by ISTA (2013).
Statistical analysis
The data were analyzed using SPSS v11.5 (SPSS Inc., USA). Differences among treatments were tested by one-way analysis of variance (ANOVA) and Tukey's test was used to identify significant differences between pairs of means.
Results
Effects of sterilization on viability of excised embryos
The ISTA protocol recommends that the working area and excision instruments are disinfected for stripping the embryos (ISTA, 2013) . For most species, this disinfection treatment ensures that the embryos can grow successfully. Yet in this study, the excised embryos of the two species readily grew mold during incubation. The mold growth on seeds of A. pictum was severe. The embryos sterilized in 70% alcohol for 30 s and rinsed four times in distilled water allowed the embryos of A. pictum to germinate normally.
The viability of non-sterilized embryos was significantly lower than the germination percentage (Table 1) . By contrast, J o u r n a l o f H o r t i c u l t u r a l S c i e n c e
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the sterilized embryos showed significantly higher viability, especially for A. pictum (42.00% viability for non-sterilized embryos, while 60.25% viability for sterilized embryos) (Table 1). Therefore, the excised embryo test with a disinfection treatment produced results that were more consistent with the seed germination percentage, compared with protocol without sterilization. Viability tests are best performed in conjunction with germination experiments to better define the reproductive potential of seeds over time (Drewitz and Ditomaso, 2004) . In this study, we also found that evaluation the seed quality by excised embryo test would use much less time than germination test. For A. pictum seeds, it needed 8 days by the excised embryo test, and the germination test needed 40 days. For A. rubrum seeds, the experimental time was 10 days vs. 60 days for the above two tests.
Effects of rehydration on seed viability in the TZ test
In this experiment, the seed viabilities of the two species were evaluated according to the criteria described above. For the treatment 1, the control rehydration was performed as recommended by ISTA (2013) . It is also the normal method for rehydration of seeds, including dormant seeds, before the TZ test. The second treatment can completely break dormancy of these two species (Wu et al., 2013) . Results showed that there was no significant difference in seed viability of A. pictum between the two rehydration methods, both obtained seed viability that was not significantly different from the seed germination percentage (p = 0.05) ( Table 2 ). For A. rubrum seeds, significant difference was observed in seed viability between the two rehydration treatments. It was found that the control method only resulted in 20.50% viability, which was remarkably lower than the seed germination percentage (46.75%) ( Table 2 ). However, the seeds rehydrated in water following GA 3 and stratification treatments resulted in 44.50% viability (Table 2), which was not significantly different from the seed germination percentage. It is notable that rehydration in the presence of GA 3 and chilling is beneficial for A. rubrum, implying that the seeds of A. rubrum are likely more dormant than seeds of A. pictum.
When evaluating seed viabilities, we observed that the radicle was only partially stained in some A. rubrum seeds. For such seeds, including those subjected to water, GA 3 followed by stratification treatments, a section of the radicle tip, no more than one-third of the radicle length, remained unstained ( Figure 1B and D) . For A. rubrum, 80.75% of the viable seeds in the control were partially stained, while only 27.25% of the viable seeds subjected GA 3 and stratification treatments were partially stained (Table 2) . However, A. pictum seeds did not exhibit this partial staining phenomenon, the radicle of all the viable seeds could be entirely stained.
The parallel experiments with yellow and green embryos indicated that both of them were stained similarly in the TZ test. There was no significant difference for the viability between the yellow and green embryos (Table 3) . Thus the partial staining phenomenon was consistent between the yellow and green embryos (Figure 1 ). In Table 3 , the viabilities are higher than those in Table 2 , because the empty and dead seeds were excluded before staining during the experiment of Table 3 .
Discussion
Seed analysts frequently use germination tests to evaluate seed quality. However, germination tests can be time-con- Seeds immersed in water for 24 h, then in GA 3 (500 mg L -1 ) solution for 24 h, then stratified for 25 days 44.50 ± 3.57a 46.75 ± 7.72a 27.25 ± 2.37 * Proportion of seeds with partially stained radicle tips out of total number of viable seeds. Partial staining phenomenon was not observed in A. pictum. The means ± standard error (SE) within a column followed by the same letter are not significantly different according Tukey's multiple range test at p ≤ 0.05. suming, especially for those species with long dormancy periods (>60 days). Therefore, indirect methods to test seed viability are useful instead of germination tests. ISTA (2013) recommends the excised embryo and TZ tests as suitable methods to test seed viability of some species. In this study, the excised embryos of the two Acer species readily grew mold under the highly humid incubation conditions when they were only sterilized according the ISTA protocol (ISTA, 2013) . This sterilization method was shown to be suitable for other species, including Sapium sebiferum (Li et al., 2012a) and Fraxinus chinensis (Li et al., 2012b) . However, the recommended method yielded seed viabilities significantly lower than seed germination percentage for both A. pictum and A. rubrum, indicating it was inadequate to evaluate seed quality of these two maples. By contrast, the strict sterilization method used in the present study achieved viabilities that were not significantly different from the experimentally determined germination percentage for both maples, which was appropriate to evaluate seed quality of these two species. Contamination with bacterial or fungal pathogens in the embryo excision test may influence viability, and give artificially low estimates of seed viability. Therefore, careful attention should be paid to contaminants in the excised embryo test of A. pictum. Some embryos of A. rubrum showed a small, unstained spot at the radicle tip in the TZ test. We compared staining patterns between yellow and green embryos. Our results showed that the presence of chlorophyll in embryos did not affect the tetrazolium staining pattern (Table 3 ). The partial staining phenomenon was observed in both the yellow and green embryos (Figure 1) . Thus, the partial staining phenomenon is not affected by the presence of chlorophyll in the embryos. Also, we took great care to avoid damaging the radicle tips during preparation and staining, so the unstained spots were not a result of preparation damage.
According to the ISTA criteria for Acer spp., a seed showing a small, unstained spot at the radicle tip is still considered to be viable (ISTA, 2013) . For most species, a criterion for seed viability in the TZ test is the complete staining of the radicle tip, since that is the most key part that develops into the seedling. For a positive viability result, only a small spot on other secondary parts, such as cotyledons, is allowed to be unstained. From our observations, it is clear that the criteria for Acer spp. differ from those for other species. The reasons for the different staining patterns in radicle tips in Acer spp. have not been discussed by ISTA or in other related literature.
In seeds, the semi-permeable layer is the layer of seed coverings that allows water and gas exchange, but restricts movement of other substances (Beresniewicz et al., 1995) . The semi-permeable layer is located in the seed coat or the endosperm (Beresniewicz et al., 1995; Zhou and Wang, 2012 ). An examination of seeds of 500 species from more than 40 families showed that semi-permeability was a com- mon attribute of seeds (Kotowski, 1927; Webb and Dumbroff, 1969; Johann, 1942) . In the TZ tests, the tetrazolium solution could not penetrate the inner coat of watermelon (Thornton, 1968) , tomato, or pepper seeds (Beresniewicz et al., 1995) . Muskmelon (Cucumis melo L.) seeds were reported to contain a semi-permeable layer in the endosperm (Thornton, 1968) . For A. rubrum, a semi-permeable layer in the seeds may explain the lower viability than germination percentage and the partial staining of the radicle tip. The seeds of species in the genus of Acer do not contain endosperm, and the seed coat was removed completely before staining. Therefore, there may be a semi-permeable layer in the embryo of A. rubrum. Further experiments are required to explore the real reasons for the partial staining and the low viability of A. rubrum seeds. This partial staining pattern at the radicle tip was also observed in the TZ test of Acer caesium seeds (Phartyal et al., 2003) , but it did not affect the viability percentage. We did not observe the partial staining phenomenon in seeds of A. pictum in this study. Different species show different staining patterns in viability tests. For A. pictum, seeds were soaked in 1.0% tetrazolium solution for 6 h at 30°C, a slightly different duration of staining from that used to stain seeds of five other Acer spp. (excluding A. pictum) . The ISTA (2013) procedure is to stain seeds for 18 h at 30°C in 1.0% tetrazolium solution. Phartyal et al. (2003) found the suitable TZ test conditions for A. caesium was immersed seeds in 1.0% TZ solution at 30°C for 16 hours staining time after 24 hours pre-moistening. The results of the present study show again that different species have different requirements for handling, preparation, imbibition, dissection, and evaluation during the TZ test.
